The in vivo functioning of mitochondria isolated from two tobacco cell lines in suspension culture (Nicotiana tabacum/gossit), wild type, and NaCI-adapted (A190), has been compared in the face of rising external salinity. The 02 uptake of both state 3 and state 4 mitochondria was progressively inhibited with increasing external NaCI concentration in the case of both lines. Phosphorylation, however, was maintained at a higher level in the case of A190 mitochondria, as indicated both by stability of ADP:O ratio and rate of incorporation of 32Pi. The superior phosphorylation performance of A190 mitochondria also emerged when phosphorylation was calculated per reducing equivalent, but not per unit AgH' (electrochemical potential gradient for protons). However, the overall A4H+ was maintained at a higher level in A190 mitochondria due to the fact that the depolarization accompanying increase in external NaCI concentration was compensated for in A190 mitochondria by an increase in the transmembrane pH gradient, but not in wild type mitochondria. Increased proton permeability of the inner membrane is among the probable causes suggested for the loss of phosphorylation ability in wild type mitochondria; in contrast, A190 mitochondria maintain better membrane integrity under saline stress.
Cell lines growing in suspension culture have been successfully adapted to highly saline media in a number of laboratories (3, 20, 31) .
Our understanding of the nature of the changes involved in adaptation is still far from complete. Adaptation of cells to high salinity is reported to be associated with reduced cell expansion even though turgor is maintained (3) . Extensive osmotic adjustment occurs, principally involving Na' and Clbut also with the participation of organic solutes such as proline (4) .
Compartmentation of the Na' and Cl-in the vacuole has been looked on as an essential aspect of osmotic adaptation (5) since accommodation to saline stress has not been regarded as involving enhanced tolerance of cytoplasmic processes. Nevertheless, EM studies have indicated that salt-tolerant species possess mitochondria able to resist high saline stress whereas the reverse is true for salt-sensitive species. Smith et al. (27) showed that mitochondria in the root tips of the inland phenotype ofAgrostis stolonifera were damaged when the plants were grown in salt, whereas the salt marsh phenotype exhibited no such sensitivity. The high susceptibility of mitochondria to drought and salinity has also emerged from other EM studies (10, 21, 24) .
Damage to the mitochondria, as observed by EM, is one of the first visible events when wild-type tobacco cells are exposed to high salinity. In contrast, mitochondria of saltadapted cells growing in the absence of salt for many generations are not affected when transferred back to high NaCl concentration (AA Watad, personal communication).
The above observations suggested that a comparison of mitochondrial function in the face of increasing NaCl concentration might reveal interesting features between wild-type tobacco cells and NaCl-adapted cells. We here report a comparative study of the performance of mitochondria isolated from the two cell types. Our study has revealed the interesting fact that oxidative phosphorylation in mitochondria isolated from wild-type cells is severely inhibited by NaCl concentrations which leave mitochondria from salt-adapted cells virtually unaffected.
MATERIALS AND METHODS
The tobacco cell cultures used in this investigation (Nicotiana, genoma tabacum, with cytoplasm substituted from gossip, kindly donated by the Department of Genetics, the Volcani Agricultural Research Organisation) and the technique for development of NaCl-adapted cell lines, were as formerly described (30) . The salt-tolerant cell line used, adapted to grow in 190 mm NaCl, was newly developed for this investigation. The culture medium and conditions of growth were also as given before (30) .
Isolation of Mitochondria
The NaCl concentration ofthe growth medium of cell lines growing in 190 mM NaCl was gradually decreased to 50 mm (during the course of 2 h) by diluting the medium with 3% sucrose solution under agitation. The wild-type cells were kept under agitation in a 3% sucrose solution. After harvesting on nylon mesh, the cells were homogenized in a medium containing 0.4 M mannitol, 1 ['4C]DMO was diluted with cold carrier to a final concentration of 11 Mm and a specific activity of 56 mCi/mmol. After 20 min incubation, the last 5 min of which were in the presence of labeled probe, the mitochondria were removed from the reaction medium by rapid centrifugation through a silicon oil layer as described by Williamson and Corkey (33) . The intramitochondrial osmotic volume was taken to be identical with the sorbitol impermeable space, measured with ['4C]sorbitol and 3H20 and was found to be 1 ,L/mg protein.
Protein Assay
Protein determinations were carried out using the method of Bradford (7) with bovine serum albumin as standard.
Chemicals
[32P]H3P04 was purchased from the Nuclear Research Center, Negev, Israel. PEI-cellulose plates were supplied by Merck. All chemicals used were of analytical grade.
RESULTS

Inhibition of Mitochondrial Respiration by NaCI
The effect of increasing external NaCl concentration on 02 uptake by isolated mitochondria was examined in the experiment depicted in Figure 1 , A and B. Electron transport was sensitive to increasing NaCl concentrations; 02 consumption (expressed as a percentage of rate of respiration in absence of added NaCI) was inhibited in a similar manner in mitochondria from both cell lines. This inhibition was observed both for state 3 and for state 4 mitochondria (Fig. 1, A and B ). In the case of the wild-type cells, the falling curve flattened at concentrations above 200 mM NaCl; wild-type mitochondrial state 3 respiration thus appeared to be less sensitive to high NaCl concentrations than was that for A190 mitochondria (Fig. IA) , though the effect may have been due to uncoupling of the wild type (see "Discussion"). The inhibition of 02 uptake by NaCl was not due to an osmotic effect since substituting the salt with up to 1 M sorbitol caused no decrease in respiration rate (not shown).
To investigate the NaCl sensitivity of the electron transfer chain alone, in the absence of the concomitant phosphorylating process, mitochondria were uncoupled by addition of FCCP before exposure to NaCl. Both types of mitochondria showed increased sensitivity of respiration to NaCl, as com- The effect of NaCl on the efficiency of oxidative phosphorylation is shown in Figure 2 , A and B. Mitochondria from wild-type cells displayed a gradual decrease in both ADP:O and RC ratios with increasing concentrations ofNaCl; inspection of the figures suggests that complete uncoupling was achieved between 200 and 300 mm NaCl. In contrast, the ADP:O ratio did not fall in mitochondria from A190 cells and no significant drop in RC was observed; strong respiratory control and efficient phosphorylation were maintained up to at least 400 mm NaCl.
Direct Observation of ATP Synthesis
Confirmation that phosphorylation was markedly more sensitive to inhibition by NaCl in the case of mitochondria from wild-type cells was obtained by direct measurements of ATP synthesis (Fig. 3) . The latter was observed to be linear with time for the first 20 min (inset, Fig. 3 ). Subsequent measurements of the effect of NaCl were made after 20 min. At 200 mm external NaCl phosphorylation by A190 mitochondria was only slightly affected; that by wild type, on the other hand, was reduced by about 40%. At 300 mm NaCl, reduction of phosphorylation by wild type was 75%, but only 30% for A190.
Mitochondria from A190 cells produced an extra phosphorylated compound in addition to ATP in the presence, but not in the absence, ofNaCl (Fig. 4) . This extra compound could not be detected in mitochondria from wild-type cells. Both the fact that it was removed from the homogenate by adsorption to charcoal, and its UV absorption spectrum with a peak around 258 nm (not shown), suggested that it was a nucleotide. Its NaCl was found to depolarize the membrane potential of state 3 mitochondria from -190 mV in the absence of NaCl to -145 mV at 500 mM NaCl. This was true for both types of mitochondria (Fig. 5B) .
A ApH of 0.3 was estimated for wild type and Al90 state 3 mitochondria prior to salt addition (Fig. SA) . In the case of wild-type mitochondria, increasing external NaCl concentrations caused a slight decrease of ApH up to 300 mm NaCl; at higher NaCl concentrations the ApH was completely abolished. This is in good agreement with the 02 uptake measurements which suggest uncoupling of wild-type mitochondria at 200 to 300 mm NaCl (Fig. IA) uptake, decreasing from -210 mV initially to -150 mV at 50% of control respiration rate. The shape of the curve shown in Figure 7B -relating rate of phosphorylation to A5,H when both vary as the result of increasing concentration ofNaCl-could be seen as exhibiting a very steep dependence above a certain threshold AiH, or alternatively, as indicating virtual independence of the latter. The points for the two types of mitochondria lie nearly on the same curve, indicating that the mitochondria phosphorylated similarly with respect to unit A4H, the A 190 performing no better than the wild-type mitochondria.
When the rate of phosphorylation was examined as a function of 02 uptake, the Al 90 mitochondria proved more efficient in utilizing each reducing equivalent for ATP production, as compared with wild-type mitochondria (Fig. 8) . Respiration rate of Al90 mitochondria could be inhibited by 60% while the rate of phosphorylation was reduced by 30% only. In the case of wild-type mitochondria, on the other hand, 40% inhibition of rate of 02 uptake resulted in a 75% decrease in rate of phosphorylation.
DISCUSSION
This study has brought to light the interesting fact that increasing external NaCl concentration depresses 02 uptake by mitochondria isolated from both cell lines, but that phosphorylation is maintained at a higher level in the case of the NaCl adapted cell line. At 300 mm external NaCl phosphorylation, expressed as percentage of rate of phosphorylation in the absence of salt, was only 25% in the case of the wild type as compared with 70% in that of the adapted cells (Fig. 3 ). Groen et al. (13) , working with rat liver mitochondria, have concluded that, control of respiration in phosphorylating mitochondria was distributed between the adenine nucleotide carrier, the dicarboxylate carrier, and Cyt oxidase. The latter is also judged to be the most important control site in plant mitochondria in state 3 (32) . In state 4 mitochondria, on the other hand, virtually all control of respiration appeared to be exerted by the proton leak through the inner membrane (13, 32) . One may rule out the possibility of NaCl reducing the electron transport rate by affecting the proton leak and adenine nucleotide carrier in the present case, since depression Of 02 uptake was even more sensitive to NaCl when the mitochondria were uncoupled by FCCP (Fig. IB) (17) and Cyt c oxidase (9) , as well as in the two dimensional diffusion of Cyt c at the membrane surface (22, 23 Fig. 5C ). However, the data in Figure 7 suggest (Fig. 6) .
Whichever is the coupling system operating in these mitochondria, whether localized or delocalized, we suggest that increased proton permeability is the reason for the poorer phosphorylation performance of the wild type when exposed to increasing salinity. Evidence for such increased permeability is seen, as pointed out above, in the failure to generate and maintain ApH after depolarization of AO (Fig. 5) ; also, in their relatively high rate of 02 uptake (uncoupling effect) at high NaCl concentrations, which was above that of A190 mitochondria (Fig. 1A) . In the case of localized coupling, proton leakage would short circuit the localized proton flux. Adapted cells thus appear to have developed the ability to preserve the integrity of the mitochondrial membrane in high saline media. A contributory cause for the low phosphorylation rate and the sensitivity of the ADP:O and RC ratios to increasing external NaCl concentrations in the case of the wild type, might also be diversion of the electrons to the nonphosphorylating alternative pathway; it is well established that the relative contribution of the alternative pathway to overall respiration varies under different physiological conditions (e.g. state 3 versus state 4) (1, 2) , and that the engagement of this pathway is determined by the steady-state level of Qpool reduction (11) . This possibility is currently under investigation.
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